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The method involves using a substrate (50) over which a gate 
electrode (41) and a gate insulating film (42) are formed in order. A 
polycrystalline Si thin film (10) of high impurity density is formed on 
the gate insulating film. 

An ion implantation process is carried out to the polycrystalline 
Si thin film at contacting part of the gate electrode to make impurity 
element in Si inactive and thus forms a channel area (1). The remaining 
area in which ion implantation is not carried out acts as a source or 
drain area where impurity density is higher than channel area. 
ADVANTAGE - Simplifies process. Provides stable and uniform 
threshold voltage value. Manufactures TFT without using high 
temperature heat treatment process and thus makes formation of TFT on 
weak substrate possible. 
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ABSTRACT 

PROBLEM TO BE SOLVED: To manufacture a thin film transistor without using a 
high temperature heat treatment process, and to stabilize and make uniform 
the threshold voltage of the thin film transistor. 

SOLUTION: A gate electrode 41 and a gate insulating film 42 are formed on a 

substrate 50, a heaving doped impurity polycrystalline silicon thin film 10 

is formed in a manner that it is insulated to the gate electrode 41. Ions, 

with which the impurity element in silicon is inactivated, are implanted on 

a part of the section opposing to the gate electrode 41 of the 

polycrystalline silicon thin film 10. As a result, the carrier 

concentration of the above-mentioned part becomes low, a channel region 1 

is formed, and the remaining part becomes a source and drain region 2. 

Accordingly, a thin film transistor, on which the carrier concentration of 

the channel region 1 is controlled in a highly precise manner, is 

manufactured without performing a high temperature heat treatment process. 
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Specification 

(54) Title of Invention: Manufacturing Method of Thin Film Transistor 
(57) Summary 

[Purpose] lb manufacture a thin film transistor without a high temperature thermal 
processing process, and to make a threshold voltage Vth of the thin film transistor stable and 
uniform. 

[Means for solution] A gate electrode 41 and a gate insvdating film 42 are formed on a 
substrate 50, and a polyciystaUine silicon thin film 10 with high impurity concentration is 
formed with the gate electrode 41 insulated. Then, an ion which inactivates impurity 
element in sihcon is implanted into one portion facing the gate electrode 41 of the 
poly-crystaUine silicon thin film 10. Accordingly, the portion becomes a channel region 1 
because the carrier concentration of the portion is lowered, and the rest become somxe and 
drain regions 2. Consequently, a thin film transistor wherein the carrier concentration of 
the channel region 1 is controlled precisely is manufactured without a high temperature 
thermal processing process. 

[What is claimed] 

[ClEiim l] A manufacturing method of a thin film transistor comprising: 

a gate structure forming process for forming a gate electrode and a gate insulating fihnJ 
a depositing process for depositing a semiconductor thin film with high impurity 

concentration with said gate electrode insidated; and 

a channel forming process for making one portion facing said gate electrode of said 

semiconductor thin film a channel region by ion implanting and making the rest a source 

region and a drain region; 

wherein an ion implanted in said ion implantation inactivates an impurity element in 

said semiconductor thin film. 

[Detailed Description of the Invention] 
[0001] 

[Field of the invention] The present invention relates to a manufacturing method of a thin 
film transistor, for example used for a switching element of an active matrix type display 
device, furthermore relates in detail to a manufacturing method of a thin film transistor 
wherein an element that a stable and uniform threshold voltage of each thin film transistor 
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is obtained and a multi gradation operation is possible can be manufactured without a 

thermal damage on a substrate and with simple process. 

[0002] 

[Prior art] Conventionally, in an active matrix type display device using a material for 
displaying such as Uquid crystal etc., a thin film transistor is used as a switching element of 
each pixel. The thin film transistor hke this, for example, is mentioned in Japanese Patent 
Gazette of Laid-Open No. Sho 63-224258 etc. 

[0003] The conventional manufacturing method of a thin film transistor, in outline, is 
manufacturing a thin film transistor shown in Figure 8 by a flow such as Figure 7. That is 
to say, first a gate electrode 51 of the decided shape is formed on a transparent glass 
substrate 50 (a). This gate electrode 51 is made of metal such as molybdenimi (Mo) etc. or 
poly -crystalline sihcon (Si). Then, a gate insulating film 52 is formed on the glass substrate 
50 including this gate electrode 51 by CVD (chemical vapor phase deposition) (b), and a 
channel layer 53 is formed on this gate electrode 51 and the gate insulating fihn 52 (c). This 
channel layer 53 is made of amorphous silicon or polycrystalline sihcon, wherein an impurity 
with low concentration is doped. The threshold voltage Vth of operation of the thin fibn 
transistor is decided by the impurity concentration of this channel layer 53. 
[0004] Next, a channel stopper layer 54 of silicon nitride (SiNx) is formed on this channel 
layer 53 by plasma CVD (d). This channel stopper layer 54 becomes an etching stopper in 
the subsequent source and drain processing. Then, the channel layer 53 is etched into the 
decided shape (e), on which a source and drain layer 55 is formed to the decided shape (£), 
ftirthermore on which a source and drain electrode 56 is formed to the decided shape (g). In 
case that the source and drain layer 55 and the source and drain electrode 56 are etched into 
the decided shapes, the channel layer 53 is prevented fix)m etching by the channel stopper 
layer 54. The source and drain layer 55 is made of amorphous silicon or polycrystalline 
sihcon, wherein an impurity with high concentration (the same impurity of pn polarity as the 
channel layer 53) is doped. The source and drain electrode 56 is made of metal such as 
alxmainum (Al) etc. At last, covering a sihcon nitride protective film (Figure is omitted) is 
performed by plasma CVD (h), consequently a thin film transistor device is accomphshed. 
[0005] In the thin film transistor manufactured in this way, because the channel layer 53 has 
high resistance for its low impurity concentration, the conductivity between the source layer 
55 and the drain layer 55 is OFF imder normal conditions. However, when the voltage V^ is 
apphed to the gate electrode 51, the field effect increases the caiTier concentration in the 
channel layer 53 so that the resistant value is lowered, consequently the conductivity 
between the source layer 55 and the drain layer 55 becomes ON. The gate voltage Vg causes 
this ON reverse is a threshold voltage Vth. 

[0006] The manufacturing method mentioned above is that a thin film transistor is 
manufactured by using a transparent glass substrate 50 as a substrate for being used for a 
display device, and not using high temperature thermal processing, for example, ion 
implanting and thermal diffusion, because this glass substrate 50 is easily affected by high 
temperature. Accordingly, in forming the channel layer 53 (c), and forming the som-ce and 
drain layer 55 OD, not a non-doped film containing no impurity is deposited, and into which 
an impurity is introduced and diffused subsequently, but a doped film containing an impurity 
from the first is deposited. 
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[0007] 

[Problems to be solved by the Invention] However, the thin film transistor manufactured by 
said conventional method has problem that the threshold voltage Vth is variable extensively. 
The cause is the variable impurity concentration of the channel layer 53. 
[0008] First, for making this reason clear, the relation between the impurity concentration of 
the channel layer 53 and the threshold voltage Vth is explained. A thin film transistor of this 
kind operates ON by which the carrier concentration in the channel layer 53 rises up to the 
value enough for conductivity between the source layer 55 and the drain layer 55 by the field 
effect of the gate voltage Vg. The gate voltage Vg necessary for this operation is the 
threshold voltage Vth. The impurity concentration of the channel layer 53 decides the 
original value of the carrier concentration, therefore, when the impurity concentration is 
varied, the threshold voltage is also varied. For example, in case that the impurity 
concentration is higher than the normal value, the original carrier concentration of the 
channel layer 53 is high, consequently the thin film transistor becomes ON by lower gate 
voltage Vg. That is to say, the threshold voltage Vth is lower than the normal value. On the 
other hand, in case that the impurity concentration is lower than the normal value, the 
threshold voltage Vth is higher than the normal value. Therefore, in order to obtain the 
precise threshold voltage Vth, the impurity concentration of the channel layer 53 needs to be 
uniform. 

[0009] In said manufactujring method, this channel layer 53 is formed by depositing as a 
doped film containing the impurity. However, in a region with low impiuity concentration, 
the concentration is variable extensively because it is difficult for the device to control the 
concentration. On that point, this method is different from ion implantation wherein the 
number of implanted ions can be controlled precisely. This variation of the concentration 
exists between thin film transistors each other on one substrate as well as between 
substrates. Accordingly, the threshold voltage Vth of each thin film transistor is variable on 
one substrate. Consequently, the number of gradation of display used for a display device is 
hmited to about sixty -four, and it cannot be increased any more. 

[00 10] The present invention, is accomphshed for resolving the problems of the conventional 
technology, and has the purpose to offer a manufacturing method of a thin film transistor 
wherein a threshold voltage Vth of a thin film transistor is stable and is obtained uniformly 
with high reproducibility without high temperature thermal processing process. 
[0011] 

[Means for resolving problems] A manufacturing method of a thin film transistor concerned 
in the present invention for accomphshed said purposes is characterized by comprising- 

a gate structure forming process for forming a gate electrode and a gate insvdating film; 

a depositing process for depositing a semiconductor thin film with high impurity 
concentration with said gate electrode insxilatedJ and 

a channel forming process for making one portion facing said gate electrode of said 
semiconductor thin film a channel region by ion implanting and making the rest a source 
region and a drain region; 

wherein an ion implanted in said ion implantation inactivates an impmity element in 
said semiconductor thin film. 

[0012] In this manufacturing method, after a gate electrode and a gate insulating Sim are 
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formed in a gate structure forming process, a semiconductor thin film with hi^h impurity 
concentration is deposited in a depositing process. This semiconductor thin fihn is deposited 
with the impurity concentration having a suitable resistant value for a source region and a 
drain region of a thin film transistor This concentration can be controlled precisely by a 
deposit apparatus, therefore the precision of the impurity concentration in the semiconductor 
thin film is high. Also, this semiconductor thin fihn is insulated fi'om the gate electrode by 
the gate insulating film. Then, ions are implanted into one portion of the semiconductor 
thin film in a channel forming process. The portion into which the ions are implanted is 
further one portion of the portion facing the gate electrode in the semiconductor thin fihn. 
The ions implanted here inactivates the impurity element in the semiconductor thin film so 
as not to contribute to carrier grant. Accordingly, the portion into which this ion is 
implanted becomes the channel region of the thin film transistor because the carrier 
concentration is lowered and the resistant value is increased in spite of high impurity 
concentration. The portions where the ions are not implanted in the semiconductor thin 
film become the soxuxje region and the drain region of the thin fihn transistor. Besides, this 
ion implantation does not cause a thermal damage because a heating diffusion processing is 
not performed subsequently 

[0013] The thin film transistor manufactured in this way comprises the channel region which 
is one portion of the semiconductor thin film with high impvirity concentration and into 
which the ions inactivating the impurity element are implanted, the source region and the 
drain region that the rest of said semiconductor thin film, the gate electrode facing said 
channel region and being wider than it, the gate insulating film insulating said gate electrode 
fi:om said channel region, the source region, and the drain region. 

[0014] In this thin film transistor, because the carrier concentration is lowered by making 
impurity element inactivate by ion implantation in the channel region, the resistant value of 
this region is high. Accordingly in the normal condition, the conductivity between the 
source region and the drain region is OFF by this channel region. Then, when a voltage Vg 
is appUed to the gate electrode, an electric field by the voltage on operates the whole 
channel region through the gate insulating fihn, and of which field eflfect increases the carrier 
concentration of the channel region, consequently the resistance of the channel region is 
decreased. When the voltage Vg reaches the threshold voltage Vth, the conductivity between 
the source region and the drain region becomes ON. 

[0015] The gate voltage Vg necessary for reversing the thin film transistor to ON, that is to 
say, the threshold voltage Vth depends on the carrier concentration of the channel region in 
case that the gate voltage Vg is zero. This carrier concentration is a concentration of an 
active impurity element in the channel region, which is subtracted the concentration 
inactivated by ion implantation in the channel forming process fi-om the impurity 
concentration at depositing the semiconductor thin film with high impurity concentration in 
the depositing process. Besides, because the impurity concentration at deposit can be 
controlled precisely by a deposit apparatus and the number of implanted ions can be 
controlled precisely in ion implantation, the concentration of the active impm^ity element in 
the channel region can be controlled precisely and the reproducibihty is high. Consequently 
even if a large number of thin film transistors are formed on one substrate, the uniformity of 
the threshold voltage Vth of each thin film transistor is high. 
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[0016] Besides, in this thin fihn transistor, because the channel region, the source region and 
the drain region are formed as one layer of the semiconductor thin fihn with high impuiity 
concentration, a contact resistance between the channel region and the source and the drain 
regions is extremely low and a channel length can be shortened. Accordingly ON resistance 
is low and high-speed operation is possible. 

[0017] The followings are explanations by giving preferable situations for accomphshing said 
pvirpose further satisfactorily. 

[0018] [Situation l] In a manufactiiring method of a thin film transistor of claim 1, a 
manxifacturing method of a thin filnn transistor wherein ion implantation in said channel 
forming process is performed by patterning with photoresist mask, and an electrode forming 
process for forming a source electrode and a drain electrode on a soiorce region and a drain 
region formed on said semiconductor thin film in said channel forming process is included. 
[0019] [Situation 2] In a manufacturing method of a thin film transistor of claim 1, a 
manufacturing method of a thin film transistor wherein an electrode forming process for 
forming a source electrode and a drain electrode on the portion to be a source region and a 
drain region of a semiconductor thin film deposited in said depositing process is included, and 
ion implanting is performed in said channel forming process using this source electrode and 
the drain electrode as pattern masks. 

[0020] In manufactvuing methods of these situations 1 and 2, because a source electrode and 
a drain electrode for a source region and a drain region are formed in an electrode foi-ming 
process, an ohmic contact between the source and the drain regions and a wiring is obtained 
by the source electrode and the drain electrode. Especially in the manufacturing method of 
situation 2, because the source electrode and the drain electrode are used as the pattern 
masks at ion implantation, it is not necessary to perform photohthography for ion 
implantation only, and the number of times of photo can be reduced. 

[0021] [Situation 3] In a manufacturing method of a thin film transistor of situation 1 or 
situation 2, a manufacturing method of a thin film transistor wherein a stopper forming 
process for forming an etching stopper layer on a portion to be a channel region of a 
semiconductor thin film deposited in said depositing process, or on a channel region formed 
on said semiconductor thin film in said channel forming process is included. 
[0022] In this manxifacturing method, the etching stopper layer formed in the stopper 
forming process prevents the portion to be the channel region of the semiconductor thin film 
or the channel region formed on the semiconductor thin film fi'om being etched in etching an 
electrode layer in an electrode forming process. For, under the condition that the electrode 
layer is etched, because the semiconductor thin film is also etched fi^equently, it is necessary 
to prevent it fi'om being etched. Therefore, the timing in performing this stopper forming 
process can be before the electrode forming process, and also before or after forming the 
channel region on the semiconductor thin film in the channel forming process. 
[0023] [Situation 4] In a manufacturing method of a thin film transistor of claim 1, situation 
1, situation 2, or situation 3, a manufacturing method of a thin film transistor wherein a 
semiconductor thin film deposited in said depositing process is an amorphous sOicon thin film 
or a poly crystaUine sihcon thin film, and an ion implanted in said channel forming process is 
an ion of element of one or not less than two selected fix>m a group comprising Si, F (fluorine), 
andAr (argon). 
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[0024] In this manufacturing method, an amorphous silicon thin fihn or a poly crystalline 
silicon thin film with high impuiity concentration can be deposited controlling the impurity 
concentration precisely by a normal depositing apparatus. Si, F and Ar have an operation 
for inactivating the impurity element by which they are ionized and implanted into the 
amorphous sihcon thin film or the polycrystalline silicon thin film, and are suitable for 
forming the channel region. 
[0025] 

[Embodiment] An embodiment of the present invention is explained in detail referring to 
Figures. In a manufacturing method of a thin film transistor concerned in each 
embodiment explained below, a large number of thin film transistors ai-e manufactured in a 
matrix shape on a transparent glass substrate for using as switching elements of a hquid 
crystal display device. However, for convenience' sake, only one thin film transistor is shown 
in Figures. 

[0026] First embodiment. This embodiment corresponds to claim 1, situation 1, situation 3 
concerned in situation 1, and situation 4 concerned in situation 1. 

[0027] This embodiment, as shown in Figure 3, fimdamentally comprises; forming a gate 
electrode on a glass substrate (Si), forming a gate insulating film (82), forming a 
poly-crystaUine silicon film as a doped film with high impurity concentration (S3), forming a 
channel region by implanting ions into one portion of this poly crystalline silicon film and 
making the rest soxirce and drain regions (S4), forming a channel stopper film covering this 
channel region (S5), removing a superfluous portion of the source and the drain regions (S6), 
forming the source and drain regions (S7), last of aU, covering the whole with a protective 
film (88). The following is a detailed explanation using Figure 1 and Figure 2. 
[0028] Figure 1 (a) shows a cross sectional view of the condition to form a gate electrode 41, a 
gate insulating film 42 and a poly crystalline silicon film 10 with high impurity concentration 
on a glass substrate 50. Among these forming processes, forming the gate electrode 41 and 
the gate insulating film 42 is a gate structure forming process in claim 1, and forming the 
poly crystalline silicon film 10 with high impurity concentration is a depositing process in 
claim 1. 

[0029] First, the gate electrode 41 is formed with metal such as molybdenum etc. or 
poly-crystalUne silicon on the glass substrate 50 (81 of Figure 3). This gate electrode 41 is 
formed by depositing a daubed film of metal or polycrystaUine sUicon on the glass substrate 
50 with sputtering or CVD, and by processing the film into the decided shape with 
photolithography and etching. In case of using polycrystaUine silicon, an impurity is made 
to contain for making sure of the conductivity. 

[0030] Next, the gate insulating film 42 is formed on the glass substrate 59 including the gate 
electrode 41 (82 of Figtire 3). The quahty of the material of the gate insulating film 42 is not 
limited especially if it is excellent in insulating properties, but it is general to form the film 
using sihcon oxide (SiOx), sihcon nitride, etc. by CVD. Though the gate insulating film 42 
exists on all the surface of the glass substrate 50 within range of being shown in Figure 1 (a), 
because it is not necessary in the portion except the thin film transistor, for example in the 
portion for forming a hquid crystal element etc., the imnecessar^'^ portion is removed by 
photohthography and etching. 

[0031] Successively, the polycrystaUine sDicon film 10 with high impurity concentration is 
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formed on the gate insulating film 42 as a daubed fOm by CVD (S3 of Figure 3). This 
poly-crystalline silicon film 10 becomes a channel region and som^ce and drain regions in the 
thin film transistor, and is insulated fi'om the gate electrode 41 by the gate insulating film 42. 
Then, an impurity with the decided concentration is made to contain in this polycrystaUine 
sihcon film 10 at deposit. This impurity is an element imparting the conductivity to silicon 
such as phosphorus (P), boron (B), etc. The concentration of this impurity is high 
concentration obtaining the suitable conductivity for the source and the drain regions of the 
thin film transistor. Concretely, the poly-crystalUne silicon film 10 with high impmaty 
concentration is deposited by mbdng impurity supplying gases such as phosphine (PH-O and 
diborane (B2H6) as an atmosphere gas of CVD at the decided ratio. The reason for making 
this impurity element contain at deposit is that it cannot be made to contain by sohd-phase 
diffusion etc. after deposit because the substrate is the glass substrate 50 being easily 
affected by heat. Besides, the poly-crystalline silicon film 10 is used in this case, but an 
amorphous siUcon fiilm can be used if it has high impurity concentration. 
[0032] Figure 1 (a) shows the condition having been to S3. Subsequent Figure 1 (b) shows 
ion implantation in a channel forming process in claim 1. 

[0033] First, in order to perform this ion implantation, a resist maslc 61 is patterned by 
photohthography. The resist mask 61 covers the portions to be source and drain regions in 
the poly-crystalline sihcon film 10, and has a hole in the portion to be a channel region. This 
hole portion is located over the gate electrode 41 and is narrower than the gate electrode- 
Then, the ion implantation is performed in condition that this resist mask 61 exists (S4 of 
Figure 3). The ion implanted here is an ion of element among Si, F, or Ar. These ions have 
functions not making contribute to carrier grant by inactivating tde impvirity element 
contained in the poly crystaUine sihcon film 10. 

[0034] When this ion is implanted, the ion penetrates into the portion where the resist mask 
61 is opened in the polycrystaUine sihcon film 10, and the portion becomes a channel region 
1. In this channel region 1, the impurity element is inactivated by the ion implanted, and 
the conductivity is lowered by reducing the carrier concentration. On the other hand, 
because the ion is masked in the portion covered with the resist mask 61, the carrier 
concentration of the poly crystaUine siUcon film 10 is kept high value at deposit. These 
portions are used for source and drain regions. After the ion implantation, the resist mask 
61 is removed. Besides, because the thermal diffusion is not performed after this ion 
implantation, the glass substrate 50 is not damaged thermaUy. 

[0035] Next, as shown in Figure 1 (c), a channel stopper 43 of sihcon nitride is formed on the 
poly-crystalhne sihcon fihn 10 by CVD (S5 of Figure 3). The channel stopper 43 is an 
etching stopper for preventing the channel region 1 fi'om being etched in an etching 
processing of the source and drain electrodes mentioned later, and formed so as to cover the 
channel region 1 and to jut out a httle into the outside. Forming this channel stopper 43 is a 
stopper forming process in situation 3. 

[0036] Successively, as shown in Figure 2 (a), the unnecessary portion of the polycrystaUine 
sihcon film 10 is removed by photohthography and etching. Consequently, som'ce and di-ain 
regions 2 are processed (S6 of Figure 3). Besides, forming the channel stopper 43 of Figure 1 
(c) and processing these source and drain regions 2 can be exchanged in order. 
[0037] Next, as shown in Figm^e 2 (b), source and drain electrodes 44 are formed on the 
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source and drain region 2 with metal such as aluminum etc. (S7 of Figure 3). Forming these 
source and drain electrodes 44 is performed by forming a daubed film of the metal by 
sputtering or CVD and processing by photolithography and etching. In this etching process, 
because the polycrystalline silicon film 10 is also etched under the condition of etching the 
source and drain electrodes 44, it is possible that the channel region 1 is damaged so that it is 
necessary to take measures to prevent it. In this case, the channel stopper 43 performs 
preventing function for protecting the channel region 1. The somx^e and drain electrodes 44 
formed in this way cover the upper side of the source and drain regions, and ohmic contact 
between them can be obtained. Forming the source and drain electi*odes 44 is an electrode 
forming process in situation 1. 

[0038] Then, after forming the necessary wiring, as shown in Figure 2 (c), a protective film 45 
of silicon nitride or silicon oxide is formed by CVD and covers the whole (S8 of Figure 3), 
consequently a thin film transistor device is accomplished. 

[0039] The thin film transistor manufactured in this way comprises- the channel region 1 
which is one portion of the poly-crystaUine silicon film 10 with high impurity concentration 
and wherein an impurity element is inactivated by performing ion implantation of element 
among Si, F, and Ari the source and drain regions 2 that the rest of the polyxrystaUine silicon 
film 10; the gate electrode 41 facing the channel region 1 and provided wider than the 
channel region i; the gate insulating film 42 insulating the channel region 1 and the source 
and drain regions 2 fi-om the gate electrode 41; and the soui-ce and drain electrodes 44 
coming into ohmic contact with the source and drain regions 2. A large number of the thin 
film transistors of this kind are provided in matrix shape on the glass substrate 50, and 
operate as switching elements of the Uquid crystal display device. 

[0040] The thin film transistor like this has high resistant value of the channel region 1. For, 
in this region, the carrier concentration is lowered because the impurity element is 
inactivated by ion implantation. Accordingly in the normal condition, when the voltage is 
appHed between the source and drain regions 2 with the source and drain electrodes 44, 
these are not conducted each other. However, when the voltage is apphed to the gate 
electrode 41, an electric field by the voltage Vg affects the whole of the channel region 1 
through the gate insulating film 42, of which field effect increases the carrier concentration of 
the channel region 1 and the resistance is decreased. Then, when the gate voltage Vg 
reaches the threshold voltage Vth, an electricity is conducted between the sovirce and drain 
regions 2. That is to say, the thin film transistor is reversed to ON. 

[0041] The gate voltage Vg necessary for ON reverse of the thin film transistor, that is to say, 
the threshold voltage Vth depends on the carrier concentration of the channel region 1 in case 
that the gate voltage Vg is zero (hereinafter referred to as an original carrier concentration). 
The original carrier concentration is a concentration of active impurity element in the 
channel region 1, which is subtracted the concentration inactivated by ion implantation (S4 
of Figure 3) fi:om the impurity concentration at depositing the polycrystaUine sihcon film 10 
with high impurity concentration (S3 of Figure 3). Because the poly- crystalline silicon film 
10 is deposited with high impurity concentration here, the concentration can be controlled 
precisely at CVD apparatus, and the precision of the impiurity concentration of the 
poly-crystalline sihcon film 10 is high. Then, the nu mber of. ions impla nted is controlled 
precisely in ion implantation. Therefore, the original carrier concentration in the channel 
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region 1 is precise. Accordingly, the uniformity of the threshold voltage Vth of each thin film 
transistor formed on one substrate is high. 

[0042] This means that the multi- gradation operation of the liquid crystal display device is 
possible. According to this thin film transistor, the number of gradation of display operation 
on the hquid crystal display device can be not less than 128. 

[0043] Also, in this thin film transistor, because the channel region 1 and the source and 
drain regions 2 are deposited as the poly crystalline sihcon film 10 with higher impmity 
concentration, and the channel region 1 is distinguished firom the source and drain regions 2 
by ion implantation, the contact resistance between the channel region 1 and the source and 
drain regions 2 can be almost left out of consideration. Also, the channel length can be 
shortened. Accordingly the resistance at ON reverse is small and high-speed operation is 
possible. Especially, in case of using n-tj^^e phosphorus etc. as the impxirity element of the 
polycrystalline silicon film, because the mobility of electrons is higher than that of holes, 
fiirthermore high-speed operation is possible. 

[0044] Besides, forming the channel regionl and the source and drain regions 2 as one layer 
of the polycrystalline sihcon film 10 in this thin film transistor reduces one time of 
photohthography and the number of photo mask, therefore, it does not make the 
manufacturing process comphcated and is profitable in manufacturing cost. 
[0045] Also, because a high temperature thermal processing such as thermal diffusion etc. is 
not used, a thin film transistor can be formed on a substrate without causing thermal 
damage. Consequently, this method is suitable for forming a thin film transistor as a 
switching element of a hquid crystal display device on a glass substrate affected easily by 
high temperature. 

[0046] According to the first embodiment explained above in detail, because the 
polycrystalline sihcon film 10 with high impurity concentration is deposited, of which one 
portion is made to be the channel region 1 by performing inactivation of impurity element 
with ion implantation and the rest is used as the source and drain regions 2, a large number 
of thin film transistors can be manufactxired on the glass substrate 50 without heating up to 
high temperature excessively so as to make threshold voltage Vth xmiform in simple 
manufacturing process. Besides, in the thin film transistor manxifactured in this way, ON 
resistance is low and high-speed operation is possible. Consequently, multi-gradation 
operation and high-speed operation of the hquid crystal display device are possible. 
[0047] The second embodiment. This embodiment corresponds to claim 1, situation 2, 
situation 3 concerned in situation 2, and situation 4 concerned in situation 2. 
[0048] This embodiment, as shown in Figure 6, fimdamentally comprises; forming a gate 
electrode on a glass substrate (Sll), forming a gate insulating fihn (S12), forming a 
polycrystalline sihcon film as a doped film with high impurity concentration (Si 3), forming a 
channel stopper film covering a portion to be a channel region in the polycrystalline sihcon 
film (S14), removing a superfluous portion (S15), forming source and drain electrodes (S16), 
forming a channel region on one portion of the polycrystaUine sihcon film by implanting ions 
and making the rest source and drain regions (S17), last of aU, covering the whole with a 
protective film (S18). The following is a detailed explanation using Figure 4 and Figure 5, 
quoting the previous description common to the first embodiment, and emphasizing a point 
of difference. 




[0049] Forming the gate electrode 41 on the glass substrate 50 (Sll of Figure 6), forming the 
gate insulating film 42 (S12 of Figure 6), and forming the polycrystalline silicon film 10 (an 
amorphous silicon film is possible) with high impurity concentration (S13 of Figure 6) are the 
same as those of the first embodiment (SI to S3 of Figure 3). Figure 4 (a) shows the 
condition having been to S13 and the same structure of Figiu:e 1 (a). 

[0050] Next, as shown in Figure 4 (b), a channel stopper 43 of silicon nitride is formed on the 
polycrystalline silicon film 10 by CVD (814 of Figure 6). The channel stopper 43 is an 
etching stopper for preventing the portion to be a channel region in the polycrystaUine 
silicon filiTi 10 by ion implantation mentioned later firom being etched in an etching process of 
the soiurce and drsdn electrodes mentioned later, is formed so as to cover the portion and to 
jut out a httle into the outside. This channel stopper 43 and its formation is the same as the 
explained matter by S5 of Figure 3 of the first embodiment (Figure 1 (c)). However, in this 
embodiment, a total film thickness of the channel stopper 43 and the polycrystalline silicon 
film 10 needs to be thinner than a film thickness of the gate insulating film 42. For, ions are 
prevented irom penetrating into the glass substrate 50 in ion implantation mentioned later. 
[0051] Successively, as shown in Figure 4 (c), an unnecessary portion of the polyxrystaUine 
silicon film 10 is removed by photohthography and etching (S15 of Figure 6). By this 
etching, only the portions to be the chaimel region and the source and drain regions of the 
thin film transistor in the polycrystalline silicon film 10 remain. This etching corresponds 
to Figure 2 (a) and S6 of Figure 3 in the first embodiment. Besides, forming the channel 
stopper 43 of Figure 4 (b) and this etching process can be exchange in order. 
[0052] Then, as shown in Figure 5 (a), the source and drain electrodes 44 are formed with 
metal of aluminum etc. on the portions to be the source and drain regions in the 
polycrystalline silicon film 10 (S16 of Figure 6). Forming the source and drain electrodes 44 
is performed by forming a daubed film of metal by sputtering or CVD, on which a resist mask 
62 is formed by photohthography, and processing the daubed film by etching. In this etching 
process, because the polycrystalline sihcon film 10 is etched under the condition of etching 
the source and drain electrodes 44, it is possible that the portion to be the channel region is 
damaged and it is necessary to take measures to prevent the fiilm fix)m being etched. In this 
case, the channel stopper 43 performs preventing function for protection of the film. The 
source and drain electrodes 44 formed in this way cover the upper side of the portions to be 
the source and drain regions, and ohmic contact between them can be obtained. Forming 
the source and drain electrodes 44 is an electrode forming process in situation 2, and 
corresponds to Figure 2 (b) and S7 of Figure 3 in the first embodiment. 

[0053] Next, the channel region 1 is formed by ion implantation (817 of Figure 6 and Figure 5 
(b)). This ion implantation corresponds to Figure 1 (b) and 84 of Figure 3 in the first 
embodiment, and is a channel forming process in situation 2. Therefore the implanted ion is 
the ion of element among Si, F and Ar^ In this case, because the resist mask 62 in itself 
made in the previous forming process for the source and drgdn electrodes 44 masks ions by 
functioning as a stopper against ions, ions are not implanted into the portion to be the source 
and drain regions and implanted into only the portion to be the channel region in the 
polycrystaUine silicon film 10. In the portion, the impmity element is inactivated by the 
implanted ion, and the conductivity is lowered by which the cai rier concentration is reduced, 
consequently this portion becomes the channel region 1. On the other hand, because the ion 
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is masked in the portion covered with the resist mask 62 and the soxirce and drain electrodes 
44, the carrier concentration is kept high value at deposit. These portions are used for the 
source and drain regions 2, Besides, because thermal diffusion is not performed after this 
ion implantation, the glass substrate 50 is not damaged thermally. 

[0054] At this time, the acceleration energy of the implanted ion is a low energy that ions is 
not passed through the gate insulating film 42 in a region outside the resist mask 62 and the 
source and drain electrodes 44 in Figure 5 (b). Because the glass substrate 50 in this portion 
is covered with only the gate insulating film 42, in case of implanting with too high energy, 
ions penetrate into the glass substrate 50 through the gate insulating film 42, and cause 
imfavorable phenomena as a display device such as cloud of the glass etc. On the other 
hand, energy to some extent is necessary as the implanted ions distnbute^over the whole 
thickness of the polycrystalline sihcon film 10. V Oient he^cceleration energy is too low, the 
portion where the carrier concentration is high rem ains m^ hej portioiia httle to th e gate 
^sviiStin|rfiter42Tn[a^ 

hirCF^ifyfr^f^ ^ t}yin fjlm transistor is caused. In this case, as above-mentioned, because a total 
film thickness of the channel stopper 43 and the poly crystaUine silicon film 10 is thinner 
than a film thickness of the gate insulating film 42, the acceleration energy wherein ions do 
not penetrate into the glass substrate 50 and distribute over the whole thickness of the 
polycrystaUine sihcon film 10 can be chosen. 

[0055] Besides, the ion implantation is performed leaving the resist mask 62 as it is in Figure 
5 (b), but the ion implantation can be performed after removing the resist mask 62. For, a 
self-ahgnment function of the somxe and drain electrodes 44 having the same pattern as the 
resist mask 62 prevents ion implantation into the portion except the portion to be the 
channel region. 

[0056] Then, after forming a necessary whing, a protective film 45 of sihcon nitride or sihcon 
oxide is formed by CVD as shown in Figure 5 (c), and covers the whole (S18 of Figm-e 6), 
consequently a thin film transistor device is accomphshed. 

[0057] The thin film transistor manvifactured in this way has the same constitution as that of 
the first embodiment. That is to say, it comprises- the channel region 1 which is one portion 
of the poly-crystaUine sihcon film 10 with high impurity concentration and wherein the 
impurity element is inactivated by implanting ion of element among Si, F, and Ari the som-ce 
and drain regions 2 that the rest of the polycrystaUine sihcon film 10; the gate electrode 41 
facing the channel region 1 and provided wider than the channel region l; the gate insulating 
film 42 insulating the channel region 1 and the source and di-ain regions 2 firom the gate 
electrode 41; and the source and drain electrodes 44 obtaining ohmic contact with the source 
and drain regions 2. A large nimciber of the thin film transistors of hke this are provided in 
matrix shape on the glass substrate 50, and operate as switehing elements of the hqviid 
crystal display device. 

[0058] Therefore, in the same way as the first embodiment, the thin film transistor of the 
second one has the characteristics that the threshold voltage Vth of each thin film transistor 
has high xmiformity, accordingly a multi-gradation operation of the hquid crystal display 
device is possible. Besides, because the contact resistance between the channel region 1 and 
the soxirce and drain regions 2 can be almost left out of consideration and the channel length 
can be shortened, the thin film transistor of the second embodiment is also the same as the 
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first one on the point that ON resistance is small and high-speed operation is possible. 
Fiuthermore, needless to say, the channel region 1 and the soiorce and drain regions 2 are 
deposited as one layer of the polycrystalline sihcon film 10, and photoUthography only for the 
ion implantation using the resist mask 62 for the source and drain electrodes 44 processing 
or the source and drain electrodes 44 themselves as pattern masks is not performed, 
consequently, the manufacturing processes are cut sharply. Besides, because high 
temperature thermal processing is not performed, a thin film transistor can be formed on a 
glass substrate easily affected by heat, and can be used for a switching element of a liquid 
crystal display device. 

[0059] According to the second embodiment explained in detail above, the polyxrystaUine 
silicon film 10 with high impurity concentration is deposited, the som^ce and drain electrodes 
44 are formed on the portions to be the source and drain regions 2 in the polycrystalline 
silicon film 10, the channel region 1 is formed by which inactivation of impurity element is 
performed by ion implsuitation on the portion not covered with the source and di-ain 
electrodes 44 in the polycrystalline silicon film 10, and the rest is used for the source and 
drain regions 2, consequently, a large number of thin film transistors can be manufactui-ed on 
a glass substrate 50 without heating up to high temperature excessively so as to imify their 
threshold voltages Vth, with simple manufecturing processes. In the thin film transistor 
manufactured in this way, ON resistance is low and high-speed operation is possible. 
Accordingly, the multi-gradation operation and high-speed operation are possible. 
[0060] Explanations based the first and the second embodiments are performed above, 
however, the present invention is not limited to said each embodiment in any way, needless 
to say, various designs can be changed within range of the gist of the present invention. For 
example, the concrete ingredient of various thin films such as an insulating film, a metal film, 
etc. shown in said each embodiment can be exchanged to other one having the same function. 
[0061] Also, an example for forming a thin film transistor on a glass substrate for using as a 
switching element of a Hquid crystal display device is shown in said each embodiment, 
besides, the present invention can be appUed in case that a thin film transistor is formed on 
a n object easily aff ected by high temperature thermal processing. For example, it is thought 
that it can be apphed to forming a transistor after the second layer of the three-dimensional 
integrated circuit. For, an alvmiinum wiring etc. for a transistor of the first layer 
manufactured previously is easily affected by high temperature thermal processing. 
[0062] 

[Effect] According to a manufacturing method of a thin film transistor concerned in the 
present invention, a semiconductor thin film with high impurity concentration is deposited, 
inactivation of impurity element is performed by ion implantation on one portion of the 
semiconductor filrn to be a channel region, and the rest become source region and drain 
regions, consequently a stable and uniform threshold voltage Vth of a thin film transistor 
manufactured is obtained. Besides, because high temperature thermal processing process is 
not used, the thin film transistor of this kind can be formed on a substrate easily affected by 
high temperature. 

[A brief explanation of Figures] 

[Figure l] An explanatory view of a manufacturing method of a thin film transistor 
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concerned in the first embodiment. 

[Figure 2] An explanatory view of a manufacturing method of a thin fihn transistor 
concerned in the first embodiment. 

[Figure 3] A figm^e showing a flow of a manufacturing method of a thin film transistor shown 
in Figures 1 and 2. 

[Figure 4] An explanatory view of a manufacturing method of a thin fihn transistor 
concerned in the second embodiment. 

[Figure 5] An explanatory view of a manufacturing method of a thin film transistor 
concerned in the second embodiment. 

[Figure 6] A figure showing a flow of a manufacturing method of a thin fihn transistor shown 
in Figures 4 and 5, 

[Figure 7] A figure showing a flow of the conventional manufactming method of a thin film 
transistor. 

[Figure 8] An explanatory view of the conventional manufacturing method of a thin film 
transistor. 



[Explanations of marks] 

1 channel region 

2 source and drain regions 
10 poly-crystalline sihcon film 

41 gate electrode 

42 gate insulating film 
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[Figure 3] 



Formation of gate electrode 
i 



...SI 



Formation of gate insulating film 
1 



...S2 



Formation of polysilicon film with high impurity concentration 



Formation of channel region by ion implantation 
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...S5 
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Forming of channel stopper 
i 



Processing of source and drain regions 
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Formation of source and drain electrodes 
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Formation of protective film 
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[Figure 6] 



Formation of gate electrode 



...Sll 



Formation of gate insulating film 
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Formation of polysilicon film with high impurity concentration 
i 



Formation of channel stopper 
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Processing of polysilicon film with high impvirity concentration 
i 



Formation of source and drain regions 
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Formation of channel region by ion implantation 
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Formation of protective film 



.S18 
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[Figure 7] 



Formation of gate electrode 



Formation of gate instilating film 



Formation of channel film 



Formation of channel stopper 



Processing of channel layer 
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Formation of source and drain layers 



Formation of source and drain electrodes 
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Formation of protective film 
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